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ABSTRACT
Development of Shop Floor Control System
by
Venkatraman Parameswaran
Dr. John Wang, Examination Committee Chair
Assistant Professor of Mechanical Engineering
University of Nevada, Las Vegas
This thesis presents a scheduling algorithm for production planning, which
involves the management of resources like equipment, tools, personnel,
materials etc. The scheduling algorithm implements some of the principles of
Just-In-Time manufacturing and hence has a combination o f finite and infinite
scheduling algorithms. It works with database such as MS Access, SQL server
or Oracle etc and has proven to reduce the total production time. In the case
tested, the production time for an order o f 750 Apron Hooks, the production time
was reduced by 36 machine hours (4 days) from 224 hours to 188 hours. A test
bed has been created as a container to this algorithm, and supports the editing
of the schedule generated by the algorithm.
The test bed also enables the drawing o f shop layouts and shows the flow of
material through the different machines in the layout. The test bed features
process layouts, which are graphical representations of routing sheets. It can
also calculate the Work In Progress at any time during the production process.
Thus it helps in analyzing the production plans and in improving them.
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CHAPTER 1

INTRODUCTION
Manufacturing is the application o f physical and chemical processes to alter
the properties, geometry, and /or appearance of a given starting material to
make parts or products; manufacturing also includes the assembly of multiple
parts, to make products. The processes to accomplish manufacturing, involves a
combination o f machinery, tools, power and labor. Manufacturing is carried out
as a sequence of operations. Each operation brings the material closer to the
desired final state [1].

1.1

Manufacturing & manufacturing system

Manufacturing is an important activity and is not carried out simply for its own
sake. It is performed as a commercial activity by companies, which sell products
to customers. In addition to assembled products, there are companies in
industry whose business primarily is to produce materials, components and
supplies for the companies that make the final assembled products. To ensure
that manufacturing is done very efficiently, the people, equipment and other
resources involved need to be organized. Each of these organized units is
known as a manufacturing system. In designing of manufacturing systems, like
any other engineering systems, one o f the objectives is to design a system that
works with the maximum possible efficiency.
1
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Until the development of the factory system in the 18“’ century, there was no
management of manufacturing. The business owners themselves managed the
activities of the shops. The orders were few, the suppliers were known, and the
workers followed simple processes for making simple goods. Hence, the system
did not require a separate group to perform the management function. The
development of management concept for manufacturing occurred because:
1. The development of factory system for manufacturing.
2. The development of large corporations, and the necessity to hire people to
operate the business.
3. The work of many pioneers o f scientific management, who were able to
demonstrate the value of some of the techniques that they developed. These
techniques helped improve the performance and profit o f the system.
Only the companies involved in manufacturing used the earlier developments
in management concepts. However, today these concepts are being applied in
other types of companies too. The industrial revolution (year 1769) marks the
beginning o f the modem era o f manufacturing. Charles Babbage's work on the
science o f manufacturing management is seen in his book [16]. The next
significant contribution to the field was by Fredrick W. Taylor who is known as
the father of scientific management [1]. He developed various principles for
improving effect of the human factor in the success of a company. Others like
Henry L. Gantt, developed techniques like the Gantt chart, which would help in
organizing and planning the activities in a factory [1]. While England was leading
the

industrial

revolution.

United

States

introduced

the

concept

of

interchangeable parts in 1801. Credit for this is given to Eli Whitney. In 1913,
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Henry Ford introduced the assembly line, which made the mass production of
complex parts possible [1]. The twentieth century has been the time of more
technological developments; many of these resulted in the automation of
manufacturing.

1.1.1 Modem management of manufacturing
The industrial revolution (year 1769) marks the beginning of the modern era
of manufacturing. The revolution featured motion study, time study, use of
industrial standards, labor incentive plans, introduction of data collection
systems, etc.
When compared to pre factory system’ industries of the early eighteenth
century, today’s industries have larger groups of people and complex processes
used in manufacturing a wide variety of products. Many activities need to be
coordinated for the smooth functioning o f these manufacturing activities. For
example, the status of the shop floor, consisting o f the status of machines,
people and availability of raw material need to be up to date so that any sudden
events like machine breakdown, which affects the schedule, can be dealt with. It
is the duty of the management to look into these activities too. It is to be decided
by them, for example, when a machine breaks, how to reschedule all the parts
made at this machine and those machines, which in tum depend on this
machine for parts.
Manufacturing management involves such decisions required to make the
manufacturing activities more profitable. The profitability depends mainly on
customer satisfaction. If the customer has received the goods in time and
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according to the specifications, he requires, there is a better chance of the
customer getting back and giving more orders. A happy customer is Indeed the
best form of advertisement for the industry.
If one tabulates the various activities in a manufacturing industry, the first
activity would be the receiving of orders. This is the starting point or motive for
the activities that follow and help in fulfilling this order. An order consists of the
type of goods required by the customer and the amount of these he requires. If
an industry receives more than one order as is the usual case, then the
management has to decide which activity goes first or are some of the activities
done together and so on. Even small-scale industries today make a wide variety
of goods and supply them to numerous customers. The management then
decides the priority of this order with respect to the existing orders o f the
concern. There are many factors like the due dates of the orders, availability of
machines and people and so on that effects this decision.
A Master Production Schedule (MRS) is then created consisting of when the
work on this order will be started and how much time could be possibly spent on
it. An MRS does not give us the exact day-to-day schedule that the machines
and people can follow. However, it gives us a brief idea of when to start working
on this order and hence gives and idea of when the materials required for this
should be available.
The next activity is a Capacity Requirement Planning (GRP). It decides the
percentage of amount of goods that this factory can produce. By capacity of a
factory, we refer to the amount of resources it has. These resources are the
machines, tools, and employees of the factory, the amount o f time they work.
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and the amount of work they do. Thus, capacity is in terms of number of hours
the resources can work, or the amount of materials of the required type that
these resources can create. If the management feels that the capacity of the
factory is not enough to meet the demands or orders, then it takes a decision of
subcontracting a part of the order to another factory. If the management chooses
the right factory to subcontract to, they fulfill the order in the same amount of
time even though it does not have the capacity to do it.
The amount of goods that are going to be produced is further scheduled.
Now the schedule is very detailed. It assigns a group of employees, machines to
each activity. To create such a detailed schedule, the management requires
other information, like routing sheets. Routing sheets show the steps in a
manufacturing process, the time spent in each step, the type of machine used
and so on. The management also requires the existing schedules of the
employees and machines. This is to ensure that there are no two activities
scheduled at the same time.
Thus, manufacturing management is all about making the correct decisions
at the right time. To make these decisions, we require a lot of experience, and
the correct information. For example, a person deciding on subcontracting
requires a list of companies, which can produce this good. We then require the
information about the costs that these companies would charge for doing this.
The history of these companies, whether they have previously fulfilled the orders
at the right time plays an important role too. Other factors could include the
distance o f this company from us, the maximum capacity they can handle,
govemment rules at their place and so on. Based on all this information, the
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management chooses the company to subcontract. If not all this information is
available; the decision-making could be delayed or be wrongly done.

1.2

Information technologies and manufacturing management

Information technology has undergone many rapid changes over the last
several decades. Manual systems gave way to automated computer systems.
When CPUs became powerful, information processing was converted to on-line
systems [4]. As CPUs became less expensive, personal systems began
performing computations. This last change left many islands of information
spread all over organizations. These islands were not immediately Interactive or
accessible. The trend has then moved on to integration and the appearance of
distributed systems.
The development of computers and information technologies has made a
deep impact on the way manufacturing concems perform. The machine tools are
now computer controlled and so quality of products is better. NC programming
languages, CAM packages have evolved and it is now very easy to create
precise dimensioned products. Manufacturing management has also benefited
from this boom in information technology. The basic change is the way of
recording information, storing it and passing it on fo r further use.
An enormous amount of data is usually generated during the various
manufacturing activities in a shop. Previously one would have used hand written
notes, charts for storing data. These have now been replaced with databases,
spreadsheet software, and so on. The data is not lost or damaged as previously.
The physical size of records to keep data has come down tremendously.
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Any information is useless unless it is provided at the right time [2]. In a large
organization, the total work is classified and distributed to the various
departments. The interdepartmental communications have to be very effective
for the smooth running o f the organization. For example, if a person in finance
department wants to allocate some funds to buy raw material, he has to know all
the information required, like amount, costs, source and so on. He/she requests
this information from different departments like inventory control, shop floor, etc.
However, it takes time for all the departments to respond and supply the proper
information. In addition, in going through all these departments the integrity o f
the data becomes quite questionable. Calculations made out of what someone
made a sticky-note o f are not that reliable.
The world experienced an industrial revolution in the eighteenth century
when people attempted to substitute muscle power by mechanical energy. The
world today is undergoing yet another revolution with great advances occurring
daily in the fields of Information Technology. The trend now is to substitute the
human brain's functionality in the control and planning of machines and
industrial process by computers.

1.3

Shop floor control system

An MRP ii system is a computer based resource-planning system. It
connects all the departments, and makes the information to be available
instantly to the required person at the correct time, with a guaranteed integrity.
The MRP ii system replaces the old standalone computer systems in finance,
HR, manufacturing, and the warehouse, and replaces them with a single unified
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software program divided into software modules that acts as the old standalone
systems. Finance, manufacturing and the warehouse all still get their own
software, except now the software is linked together so that someone in finance
can look into the warehouse software to see if an order has been shipped [4].
Shop Floor Control system is a large module of an MRP ii system.
Manufacturing management is associated with all the departments in an
enterprise, and requires a complete MRP ii system to connect the departments
and manage the activities in them. However, it is usually associated with the
work in a factory. Historically, it was developed for the factory, mostly because of
the fact that significant problems related to production occurred at factory level.
This is the place where we actually do the work of creating what we have
planned. Before the current day organizations came into picture, there were
many one-man shops. These skilled artisans did the production from design to
packaging all by themselves. There were not many customers to have customer
database, nor were the products complicated enough to require computer
controlled machines. The orders were less and hence the scheduling was quite
easy. Thus, the early research on production management concentrated on
minimizing the factory costs.
Even today while using an MRP ii system, the most important module would
be the Shop Floor Control system, which takes care of managing the activities
on the shop floor. It also shows the status o f work in progress, current location of
materials, tools etc. This is one system, which affects all the departments in one
way or another. This system has the word “control” associated with it, because it
not only keeps track of the activities in a shop, but also learns from the activities
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in the past and tries to make the current activities better. It thus acts like a
feedback system too. For example, if a part has been manufactured using a
machine in x' minutes in one-instance and x +/- Ax’ minutes in another and so
on, then it calculates and assigns a mean x’ which is more closer to the average
time it would take to make the product. The connecting to a database makes this
statistical control over the activities simple.
The main functions of a Shop Floor Control system are:
•

Shop Layout

•

Job Loading

•

Job Scheduling

•

Work In Progress

To maintain the above said functionality, the shop floor control system
requires input from many other modules. The flow o f information through the
various modules o f an MRP ii system is shown below in Figure 1.1.

1.4 Purpose of research
The modem environment of discrete parts manufacturing is sophisticated
and intensely competitive. It is characterized by short product life cycles, high
product diversity, and customer demands for both excellent quality and timely
delivery. The ongoing research is focused on developing a finely tuned process,
capable of meeting the cost, quality, variability, and time pressures imposed by
the marketplace. The primary objectives include the reduction off manufacturing
lead-time to the minimum possible, and achievement of a high level of process
control. The benefits of such a system would include greater flexibility and
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responsiveness, better use of manufacturing resources, reduced Inventory
levels, and faster tum-around on customer orders.

BOM

BOO

Inventory

MPS

CRP

Work In Progress

Loading

SFG
Scheduling
Layout

Shipping

Figure 1.1 This figure shows the flow of information in an MRP ii system.

Advanced information technology brings the realization of such objectives
within reach. However, the application of sophisticated technology alone is
unlikely to yield a durable and efficient shop floor strategy. There is a need for a
well-defined and consistent architecture, which describes the production
management environment within which shop floor activities take place. Only by
integrating the capabilities of manufacturing personnel, process technologies

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11
and advanced information technology can manufacturing continue to contribute
to business competitiveness.
This research focuses on the increased need for automation in shop floor
control systems. It also aims to remove the complex nature of existing software
and to create very user-friendly interfaces with easy drag and drop operations.
This thesis paves way to a new scheduling algorithm, which is fast, robust with
the help of a database, and is proved efficient. The algorithm supports the real
time constraints of a shop floor. The shop floor control system module is a large
part of an MRP ii system and soon will be available for testing at small and
medium scale industries like Dolphin Machines Inc, which are unable to buy the
current software, because of its costs and difficult implementation procedures.

1.5

Thesis organization

Chapter 2 presents an overview o f different manufacturing systems available.
It goes through the good and bad features of just in time thinking and MRP ii,
and creates a hybrid system, which contains the good features of both, it also
builds the basic foundation for the shop floor control system.
Chapter 3 explains the complete working of the software module created for
shop floor control. It explains how the scheduling algorithm was developed and
how the algorithm has been converted into a programmed application.
Chapter 4 describes the current technologies and software available, the
main reasons for the failure o f these implementations. It also gives the
implementation procedures fo r this software.
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Chapter 5 concludes the advantages and disadvantages of using this system
and the recommendations for further work are discussed.
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CHAPTER2

MANUFACTURING SYSTEMS
2.1

Mass production

Mass production is the production of long runs of standardized goods for a
mass market. It was introduced into the United States at the beginning of the
20th Century [18]. The first industrialist to make full use of this system was Henry
Ford and as a result, it became known as Fordism. This has been described as
"the mass production of standardized goods, using dedicated machines and
moving assembly lines, employing unskilled and semi-skilled labor in fragmented
jobs, with tight labor discipline, in large factories." [18].
The development of mass production transformed the organization of work in
two important ways. First, tasks were minutely subdivided and performed by
unskilled workers, or semiskilled workers, since much o f the skill was built into
the machine. Second, manufacturing concerns grew to such size that a large
hierarchy of supervisors and managers became necessary [4]. However, mass
manufacturing had the disadvantage of being inflexible to product changes, or
even process change of the same product. There were also large inventory
costs, and the market demand to the product had to be high. Because of these
great disadvantages, mass manufacturing slowly gave way to lean manufacturing
system [19].

13
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2.2 Lean manufacturing
Lean manufacturing is a series of techniques for identifying and eliminating
waste (activities that add no value to final products) by continuously improving
the flow of product. Lean manufacturing is better suited to today's environment of
discrete parts manufacturing. The market is characterized by short product life
cycles, high product diversity, and customers demand for both excellent quality
and timely delivery. Lean manufacturing is capable of responding to these
challenges, and can be a source of real competitive advantage for the business
today. [20]
There is a lead-time from the receipt of an order to the delivery of completed
products

to

the

customer.

manufacturing firms,

This

production

lead-time,

for

majority

of

is greatly in excess of the actual processing or

manufacturing time. There are many reasons for this, like poor coordination
between the sales and manufacturing departments etc. To solve this, lean
manufacturing looks to techniques such as Manufacturing Resource Planning,
Just-In-Time, Optimal Production Technology and many others.
Each of these systems has their own advantages and disadvantages. The
business would benefit only if applies a hybrid technique based on the good
points of these techniques. However only proper implementation of the system,
by modifying the business according to it would get it anywhere near success.

2.2.1 Just in time
Just-In-Time (JIT) is an approach to manufacturing which concentrates on a
simple goal, namely to produce the required items at the required quality and in
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the required quantities at the precise time they are required [4]. It involves a
continuous commitment to the

pursuit of excellence

in

all

phases of

manufacturing systems design and operation. The JIT philosophy is a set of
fundamental manufacturing strategies as below;
An intelligent match of product design with market demand: manufacturing
companies must examine their market carefully and determine the appropriate
manufacturing strategy in terms o f product range, product quality, and product
cost. It is very much possible to offer a wide range of products to the market but
the cost for doing so is very high. The greater the flexibility o f a system, the more
expensive is the manufacturing system and in tum, so is the product [4]. Modular
design is one of the solutions and is achieved by rationalizing the product design,
by examining the commonality of components and sub-assemblies across the
product range with an aim to increase these common features to the maximum
possible level. This would result in reduced production costs through less
manufacturing set-ups, fewer items in stock, and fewer compliment drawings.
The definition of product families: JIT seeks to promote product based factory
layout. The basis for product-based layout is the definition of families of products,
which share common design and manufacturing attributes and consequently can
be manufactured in project-oriented cells [5]. A common approach to the
identification o f product families and the subsequent development of flow based
manufacturing systems is group technology. Group technology is used to aid the
design process and to reduce unnecessary duplication in product design [5].
Secondly, JIT is used to define families o f products and components, which can
be manufactured in well-defined manufacturing cells. Manufacturing cells
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generate simplified material flow patterns in a plant, and allow responsibility and
ownership fo r a component to rest with one group of operators and their
supervisor.
The establishment of relationships with suppliers to achieve Just in time
deliveries of raw materials and purchased components: JIT argues strongly that
manufacturing companies should establish strong and enduring relationships
with qualified suppliers [5]. The manufacturing company should share information
on likely future order patterns, design changes and other relevant information
with this small number of qualified suppliers: in a sense, supporting them in their
efforts to be effective and trusted suppliers.
To summarize JIT has the following techniques and approaches: [4]
1. Product design for ease of manufacture and assembly
2. Manufacturing planning techniques
3. Techniques to facilitate the use of simple but refined manufacturing control
systems like Kanban
4. An approach to the use of manufacturing resources
5. Quality control and quality assurance procedures
Kanban, the Japanese word fo r card, is the shop floor control or productionactivity control element of JIT. This technique can only be used in a repetitive
manufacturing environment, where it is used to synchronize the rate at which
materials are used on the final assembly line. The Kanban system cannot
accommodate any schedule variations and hence, it is relatively inflexible.
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2.2.2

An overview of MRP and MRP ii

Material-requirements-planning (MRP) is a computerized approach to the
planning of materials acquisition and production. The early MRP systems were
available on large mainframe computers and consequently were only used by
very large industrial companies. Today MRP is almost certainly the most widely
used computerized production planning and control system in the industrial world
[4]. MRP systems are built around a bill of materials processor, which converts a
discrete plan of production fo r a product or so called parent item into a plan of
production or purchasing its component items.
Various operational functions have been added to extend the range of tasks
that MRP software systems support. The extensions include master production
scheduling, rough cut capacity planning, capacity requirements planning,
purchasing and production activity control. When financial modules were added
and the functionality of the master production-scheduling module was extended
to deal with the full range of tasks in master planning and some tasks in business
planning, the

resultant system

offered

an

integrated

approach to the

management o f manufacturing resources. This extended MRP system was
labeled Manufacturing Resource Planning or MRP ii [21].
Features o f MRP systems: Change is endemic in manufacturing. Customer
order changes; delivery dates are brought fonward; suppliers are unable to supply
on time; or perhaps due to some unforeseen quality or manufacturing problem
the manufacturing plant cannot deliver components or assemblies in the
quantities required on the due date specified and agreed.
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Figure 2.1 This figure shows the layout o f MRP ii.
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MRP systems include facilities for dealing with these situations. These
facilities can be categorized into top down planning and bottom up re-planning
systems.
1. Top down planning in MRP: there are two basic styles of top down planning
which are termed the regenerative approach and the net change approach [22].
Regenerative approach starts with the master production schedule and totally reexplodes it down through all the bills of materials to generate valid priorities. Net
requirements and planned orders are completely regenerated at that time. The
regenerative approach thus involves the complete re-analysis of each item
identified in the master schedule and for all but the simplest of master schedules
involves extensive data processing. Because of this, these systems are operated
in weekly or monthly planning cycles. In the net-change MRP approach, the
materials requirements plan is continuously stored in the computer. Whenever
there is an unplanned event, such as a new order in the master schedule, a
partial explosion is initiated for those parts affected by the change. A potential
difficulty with net change systems is that there is a reduced self-purging
capability. Errors may creep into the requirements plan, because of planner
actions or because the master schedule is not completely re-exploded.
2. Bottom up re-planning; in top down planning, the system itself does the
planning. An altemate approach is for the planner to manage the re-planning
process. There are two techniques fo r doing this. The pegging technique involves
retracing the original calculations and detecting the orders, which are likely to be
affected, and perhaps identify appropriate remedial actions. The firm planned
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technique allows the materials planner to force the system to plan in a certain
way, thus overriding lot size or lead-time rules [4].

2.2.2.1 Manufacturing resource planning (MRP ii)
Manufacturing resource planning represents an extension of MRP to support
other manufacturing functions beyond material planning, inventory control and
BOM control. It evolved from MRP by a gradual series of extensions to MRP
system functionality. These extensions included the addition of transaction
processing software to support the purchasing, inventory and financial functions
o f the firm. Thus, MRP was extended to support to master planning, rough-cut
capacity planning, capacity requirements planning and production activity control.

2.2.3

MRP versus JIT

It is clear that MRP is concerned primarily with the logistics of the
manufacturing process. It takes the customer requirements for products and
breaks these into time-phased requirements fo r subassemblies, components,
and raw materials. It also seeks to schedule activities within the manufacturing
process and the availability of material from vendors to produce the product on
time for the customer. JIT however takes a somewhat wider view and is
concerned with what the product is, how the product is manufactured as well as
the logistics of delivering it on time to the customer.
MRP has been associated with batch production systems. It is concerned with
a large number o f products and a demand, which involves a combination o f
actual orders and forecasts. MRP has never addressed the design of production
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environment. For example, it has accepted set up times as given. On the other
hand, JIT has emphasized the development of an efficient and simplified
production environment with product based layouts, labor flexibility, and setup
time reduction techniques. JIT seeks to design the production environment while
MRP simply seeks to plan and control within the environment in which it finds it.

2.3 A hybrid model fo r production planning and control
We see production planning and control in terms of three hierarchical levels of
activity, strategic activities, tactical activities, and operational activities as shown
in figure 2.2.
Our interests in this thesis are in the operational activities or shop floor
planning and control’ issues.
Strategic issues: strategic production management system issues relate to
the determination of the products to be manufactured, the matching o f products
to markets and customers expectations and the design of the manufacturing
system to ensure short production lead times, and sufficient flexibility to facilitate
the production of the required variety and mix of products for the market [4]. JIT
thinking has a lot to offer to the strategic layer as it concentrates on matching the
product to the market, the design o f product to facilitate manufacturing and the
use of group technology concepts to design and define families of products to
facilitate flow based manufacturing.
Tactical issue: typical production-management system issues relate to the
generation of detailed plans to meet the demands imposed by the master
production schedule [4].
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BUSINESS PLANNING
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STRATEGIC
ISSUES

MASTER SCHEDULE
DEVELOPMENT AND
VALIDATION

MATERIALS
REQUIREMENTS PLANNING

TACTICAL
ISSUES

PRODUCTION ACTIVITY CONTROL/
SHOP FLOOR CONTROL
OPERATIONAL
ISSUES
CELL1

CELL 2

CELLS

Figure 2.2: This figure shows the three hierarchical levels of activities.

It involves the break down of products into sub-assemblies and components
and the creation of a time-phased plan of requirements, which is realistic in terms
of capacity. MRP supports the requirements planning process by planning the
availability of materials and of manufactured products to meet customer
requirements. The output from this process is a guide for operational control
process and is not a detailed schedule.
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Operational issues: Operational production-management system

issues

involve taking the output from the tactical planning phase and managing the
manufacturing system in real time to meet these requirements [4].
A factory can be viewed to be composed of a series of mini focused factories
or product based manufacturing cells as shown below.

Product
Based Cell
for Product
Family 1

Product Based Cell for
Product Family 2

Product Based Cell for
Product Family 3

Figure 2.3: This figure shows a product based factory layout.

The products of a manufacturing industry are first divided into part families
based on similarity of design and manufacturing. Each cell then, has the
responsibility of producing a family o f products. This philosophy is taken from the
Group technology and JIT thinking [4]. The main advantage of doing this is to
reduce set up times. The more the processes for the products are similar, the
lesser the time is wasted in changing the set ups. It would be more
advantageous if the actual factory layout were also arranged as above in terms
of product flow cells. Even othenwise, the hybrid system is flexible enough to
make it look like a virtual distribution into product cells.
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The overall planning and scheduling of the manufacturing activities are still
done at the factory level for the entire group of cells. The advantage being, the
easy handling of materials between the cells, as some products might not fit in
any particular product family but may have some steps in one and some in other.
In previous MRP ii systems, this was handled at the individual cell level [4].

2.4

Shop floor control

Some of the typical activities carried out in any shop floor will be discussed
next. A plant manager has a list of parts and the amounts in which they have to
be manufactured. He has to plan the production for the next cycle of a few days
or weeks to ensure that these parts are manufactured. Factors that would affect
this plan would include the availability of resources (operators, machines,
material, tools etc) and the capacity o f the manufacturing system. This plan will
then act as a reference point for production, and almost certainly will have to be
changed due to any number of unpredictable events arising (e.g. raw material
shortage, operator problems or machine breakdown). Therefore the five main
elements fo r shop floor control are:
1. To develop a plan based on available resource data and requirements data.
This is known as scheduling.
2. To implement that plan taking into account the status of the production
system. This is termed as dispatching.
3. To keep track of vital components in the system that occurs during the
dispatching activity. This is known as monitoring.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25
4. To physically move the raw material (from the inventory to the machine
center).
5. To create the finished products using the right tools, raw material, and
equipment.
The figure below shows the five basic blocks of a shop floor control system,
the scheduler, dispatcher, monitor, mover, and the producer.

PERFORMANCE
MEASURES
SCHEDULER

MONITOR

DETAILED
SCHEDULE
STATUS

DISPATCHER

DATA
COLLECTION

INSTRUCTIONS

MOVERS

PRODUCER

EXECUTION LAYER (MACHINES)

Figure 2.4 The five blocks of a shop floor control system.
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The scheduler: The task of the scheduler is to accept the production
requirements from the Master Production Schedule, and develop a detailed plan,
which determines the precise use of different manufacturing facilities within a
specified period. Good scheduling practice is dependent on a number of factors
such as the design of the shop floor, the degree of complexity of the operations
and the overall predictability of the manufacturing process. A well designed
simply organized and stable manufacturing process is easier to schedule than a
more complex and volatile system. Scheduling represents the planning aspect of
the shop floor control. It is developed taking different constraints and variables
into account. When it is released to the shop floor, it becomes susceptible to the
reality of shop floor activity and in particular,

unexpected events'. The

unexpected event is the true test of any system’s flexibility and adaptability, and it
is the role o f the dispatcher to deal with inevitable unplanned occurrences, which
threaten to disrupt the proposed schedule.
The dispatcher: Events such as machine breakdowns or quality problems can
have a serious effect on the production plans supplied by the scheduler. In real
life people dispatch in many ways, for instance, if when driving we see a traffic
jam, we search for an altemate route through a side street. The same principle
applies to the dispatcher in a shop floor control system. Its main purpose is to
react to the current state of the production environment, and select the best
possible course of action. In order to function correctly, the dispatcher requires
the following important information:
1.

The schedule, which details the timing o f the different operations to be
performed.
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2.

The static manufacturing data describing how tasks are to be performed.

3.

The current shop floor status.
Thus, access to the latest shop floor information is essential, so that the

dispatcher can take intelligent and informed decisions. In fact, one of the greatest
obstacles to effective shop floor control is the lack of accurate and tim ely data.
The dispatcher may use different algorithms and procedures to ensure that the
schedule is followed in the most effective way. When a decision has been made
as to the next step to be taken in the production process, the dispatcher will send
instructions to the mover and the producer so that these steps are carried out.
The implementation of a dispatcher varies depending on the technological and
manufacturing constraints of a production system. The dispatching tasks may be
carried out manually, semi automatically or automatically. The dispatcher
prioritizes jobs in a work queues according to a particular parameter, example
earliest due date, or shortest processing time, to summarize, the dispatcher is
the controlling element of the shop floor control system and it ensures that the
schedule is adhered to in so far as possible. It works in real time by receiving
information from the monitor on the current state of the system, and it issues
instructions to the moving and producing devices so that the required work is
performed.
The m onitor within the different levels of manufacturing, from strategic
planning down to SFC, informed and accurate decision-making relies on
consistent, precise and timely information. Within SFC, the monitor function
supplies the necessary information to the scheduler and dispatcher, so that they
can carry out their respective tasks of planning and control. Thus, the role of the
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monitor is to make sense of the multitude of data emanating from the shop floor,
and to organize that data into concise, relevant and understandable information
for the scheduler and dispatcher.
The mover; the mover coordinates the material handling function and
interfaces between the dispatcher and the physical transportation and storage
mechanisms on the shop floor. It supervises the progress of batches through a
sequence of individual transportation steps. The physical realization of a mover
depends on the type of manufacturing environment. It can range from an
automatically guided vehicle to a simple hand operated trolley. The selection of
the items to be moved is predetermined by the dispatcher and this decision is
then transferred as a command to the mover, which then carries out the
instruction. The mover monitors the states of the transporter and the storage
points, translates the commands from the dispatcher to specifically selected
moving devices, and also issues messages to the dispatcher signaling
commencement and completion o f an operation. An automated mover system
might use collision avoidance algorithms, to ensure that no individual device will
cross the path of another when parts are being moved to their destinations.
The producer, the producer is the process control system within the SFC,
which contains all the information required to execute the various operations at
that W orkstation. The main stimulus for a producer comes in the form of specific
instructions from the dispatcher, and these instructions specify which batch to
process. The producer then accesses the relevant part programs (detailed
instructions of the operations that has to be performed), and the configuration
data, which specifies the necessary set up that, are needed before an operation
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can start. The producer translates the data into specific device instructions and
informs the monitor when certain stages of activity have been completed,
example set up completed, job started, job completed, producer failed etc.
The Execution layer: This is the physical interface, which consists of the
actual resources. This is the layer where the work o f manufacturing is done and
the finished goods are created. This layer takes information from the producer,
the raw material, and then employee uses the appropriate machine to
manufacture parts.
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CHAPTER 3

PROGRAMMING THE SHOP FLOOR CONTROL SYSTEM
Based on the five layers of the shop floor control’s architecture, (scheduler,
dispatcher, mover, producer, monitor) a test bed has been created using Visual
Basic as front-end and SQL server as back-end. This chapter focuses on the
features and working of the system.

3.1 Shop layouts
The implementation of product-based layout is very essential to the JIT way
of lean manufacture. This can be easily implemented in large sized industries,
because of the large number of machines, which in turn can be grouped into
manufacturing cells. This is not the case with small and medium sized
companies, as the physical separation into cells would reduce the number of
product varieties that can be created. However, a computer system has the
power to visualize a small layout to be composed of a number of virtual
workshops. Once a factory (small or large) is divided into these virtual or real
workshops, part families can be assigned to them.
This feature of creating virtual workshops in a factory has other advantages
too. Resources like equipment, employees, and tools that belong to one
particular part family will be used more frequently in production plans of those
part families only. The system creates a layout for each workshop automatically.
30
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This can be further edited to look like the actual physical layout of equipment.
The layout also acts like a monitor and keeps tract o f other information of the
equipment. Important information supplied for each machine includes its name,
model, manufacturer, and date of purchase, depreciation rate, cost, and the
working status of it. Moreover, we can view the entire schedule of the machine
for the planned period. Online documents stored, showing manuals, instruction
manuals data sheets and so on can be accessed from here. A pictorial view of
the equipment is presented in the layout along with the name and machine ID for
easier recognition.
The software looks for any saved layouts in the database. If unavailable. It
creates its own layout automatically. It goes through the list of equipment in a
workshop and draws a simple layout, which can be further edited and saved in
the database.

Table3.1: tLavout used for storing lavouts
Column Name

Data Type

Length

equipmentID

Char

16

Caption

Varchar

100

PositionSize

Chat

20

Font

Char

100

Note: char and varchar are both ‘character type data types and hold strings of
information in them

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

32
Table 3.2: tEauloment used to obtain Equipment details
Column Name

Data Type

Length

equipmentID

Char

16

workshopID

Char

8

TypelD

Char

4

equipmentName

Char

56

producerName

Char

56

Model

Char

56

partnerlD

Char

8

purchaseDate

Date

8

Price

Money

8

depreciationRate

Decimal

9

statusID

Char

2

equipmentPicture

Image

16

Document

Char

56

Note: char" and Varchar’ type columns store strings of information in them,
‘datetime’ type columns store dates and times in them, money’ and ‘decimal’
type columns have numbers stored in them, image’ type columns have pictures
stored in them.

As described in the features above, screenshots of the testing software’s
layout functionality are shown next.
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Figure 3.1 : This figure shows the layout o f machines.
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Figure3.2: Shows the basic properties of any machine.
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Figure 3.3: Shows the daily schedule of any machine.
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3.2

Shop scheduling

In a shop floor environment, the function of a scheduler is to plan the work for
the next production cycle in detail. This plan has to accommodate any
unpredictable events, which may occur, such as resource breakdowns or
component shortages etc. The scheduler may have different strategies for
developing schedules, depending on the production environment and the
efficiency of its design. There are two approaches to developing a schedule at
factory level, infinite scheduling or finite scheduling [4].
Infinite scheduling produces a schedule without any consideration for each
resource’s capacity or the other batches to be scheduled. The assumption is that
each resource has infinite capacity. Finite scheduling produces detailed
schedules for each product with start and finish times. With finite scheduling,
each resource has finite capacity. Therefore, full consideration is given to the
resource’s capacity and the other batches being scheduled.

3.2.1

The scheduling problem definition

There has been a lot o f work done in the past on production scheduling
highlighting the fact that scheduling is a very complex task. The main problem is
known as a combinatorial explosiveness’. For example, sequencing 12 orders
through 6 operations generate (121) ®which is around 10®^ possible schedules in
a job shop. This large magnitude o f possibilities makes the goal o f scheduling
optimality aimost unattainable. The aim of scheduling process: to devise the most
optimum way in which the various activities in a shop floor should take place.
The final document would give details like:
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1. Which product is to be created first?
2. Which machines should be used for this and who should do it.
3. What should be the batch size?
4. When should we do this?
Any schedule can give these details but the most optimum would be the one
in which:
1. There are no idle machines at any time.
2. The batch size should be as large as possible, so that the set up times are
greatly reduced.
3. The work in progress should be reduced.
4. The average time it takes to process one product should be minimized.
5. The bottleneck machines are identified, and have to be 100% utilized. On
the other hand, the other machines have to be utilized just enough to keep the
flow in the entire system, a constant.
6. The distance traveled by the material through the different machines
should be minimized.
Scheduling is an important activity within SFC. There has been extensive
research in scheduling over the past few decades [4]. Despite the numerous
developments in scheduling, a common complaint from shop floor personnel is
that scheduling techniques and solutions developed are out of touch with the
reality of the shop floor. This is because the actual problems and events in a
shop floor cannot be completely depicted in computer simulation or in theory.
Our objective is to schedule the given activities, and distribute them amongst
the available machines in a way as to finish creating the product in the least
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amount of time, with minimum waste of resources. Let us first calculate the
possible number of ways o f doing this. Consider a product P, which has N steps
in its routing sheet or BOO for it to be manufactured. Let M machines be
available at a shop such that m1, m2 ... can work on these N steps. Hence, the
number of combinations here equals:
mN t

nferr'Q))
n
ml

This is a very large number. It is impossible to go through each one of these
iterations and find out which one is the most optimum. It is also impossible to set
up that many constraints as to reduce the solution space to even a few
possibilities.
Previous work on this problem tried to work on combinations o f the machines
that could be assigned to each step. Then the total processing time was
calculated. The calculation proved that the more the number o f machines
assigned to the first few processes, the faster can the process be completed. In
addition, if out of the m1 machines, which can work on steps 1, only one machine
is assigned to the first step, the remaining machines have to wait fo r this machine
to finish at least the first part for them to process. The same goes for the
remaining steps. Hence, the machine(s) assigned to step N has to wait a long
time before it gets a part to work with. This idle time effect is greatly reduced if
the number of parts being made is very high. This is because at some period,
much before the completion of the entire project, all these machines will run
synchronously without any wastage of resources. However, fo r shorter-term
projects, this idle time is a huge factor.
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As seen earlier, the time taken is much lesser if more machines are assigned
to the initial processes. Hence, the case when all possible machines are
assigned to each of the steps needs to be studied.
In addition, at no time are any of these machines idle because of lack of raw
materials. Again, the advantage seems to be visible only at higher batch sizes as
in this case, the set up times increase. If the number of parts in a batch is 80 and
there are 16 machines working, for every five parts made, the set up is changed
for the next part. Whereas if there are only 16 parts, the set up has to change for
every part, the machine makes, which could become cumbersome. This is the
only disadvantage or scheduling in this manner and can easily be overcome by
following the principles of Just-In-Time philosophy. This will be covered with the
implementation of the system in chapter 5.

3.2.2 Development of the scheduling algorithm
In developing the previous model, we assumed that all the 16 machines are
free to be scheduled at all times and running at infinite capacities. However, the
Apron Hook is just one of the large numbers o f projects, and some of these
machines could already be busy on these other projects. This is one variable,
which separates the research from the real time model. Most scheduling
algorithms do not take note of the fact that the machines are available only at
selected times, which are based on previous schedules. Thus to reach the real
time situation, a strong database support to the algorithm is necessary. The
database is used to store the schedules o f each machine, so that the times at
which these machines are free could be easily retrieved. However, by including
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this one variable, the process for finding a schedule that is optimum becomes
harder. The solution space is highly reduced, but is broken into too many spaces.
The number of constraints on the problem is too high to obtain the optimum.
Research software used for scheduling would run continuously for months to
calculate the optimum for one scheduling problem.
However, our hypothesis that the more number of machines being used in
initial stages still holds good. The aim has shifted from finding a path of least time
of flow to finding a path of maximum utilization of machines, but the flow time is
still being minimized.
Consider an example for a product,
1. Let D be the number of products to be made.
2. Let N be the numbers of steps required to complete the product using the
same machines.
3. Let M be the number of machines available of same capacity and being
able to work on any of the above N steps.
4. Let t1 be the average set up time for all the steps o f a product cycle.
5. Let t2 be the average processing time for all the steps of a product cycle.
6. Let n1, n2, nS ... be the number of machines working on each of these
steps.
The first step takes (t1 + t 2 * D /n1 ) to be completed.
The second step starts after at least one product is made. That is the
remaining M - n1 machines are idle for (t1 + 12) minutes.
Similarly, the second step takes (t1 + 12 *D/n2)
Hence, M - n1 - n2 machines are idle for 2 * (t1 + 12) minutes.
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The total time of processing as a sum of times spent on all the machines:
^tomi = [«1X rl + r2 X D ^ rtl + «2 X r l + r2 X £) -^ «2 + ...] + [(r l+ r2) + (rl + r2) x 2 + „.]
=>

= [r tlx r l + Az2xrl + ...] + D x r 2 x ( l //i l + l//i2 .„ )

+ [(rl + r2 )x (l + 2 + ..jV - l) ]

=> r„,„/ = rl X (nl + «2 +..) + Z) Xr2x (l/n l + 1 /n2...) + [(rl + /2)x {n

—

l)x(Af —2)

2]

O f this above total time for all machines, some machines work at the same
time on different steps. Hence, the total processing time is actually much lesser
than above. The total flow time can be summarized as:
7 > „ .= [0 l + ^ 2 ) x ( iV - l) ] + [n + D x r 2 ^ « J

The total flow time can be seen as
Ttoiai = [Idle Time] + [set up time] + [actual processing time]
Amongst the three components of flow time shown above, the actual
processing time cannot be optimized by the system. It can be only reduced by
using better machines and machining processes. The flow time for products
created in this manner is shown next.

Total Flow Time For a Product
Machine 1, Step1
Machine 2. Step2
Machine 3. Step3
Machine 4, Step4
Idle Time
Setup Time
Processing Time

Figure 3.4: Flow Time for a product using the previous model
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The ‘idle time’ component of the total flow time shows only the idle tim e for
the machines involved in the last step. However, except the machines involved in
the first step, we can see that all other machines have an idle time. If any of
these steps have more machines allocated to them, then these machines will be
idle for longer times. This is the Idle time component of the total time Ttotai and is
greater than the idle time component of the flow time Tnow. The total idle time of
T™3, 1s calculated as: ^ ; [ M " ( " y 2 ) ] 4 W x ( 2 ) x ( a . , 2 ) ] + . . .
=>7* = ( r l + r 2 ) x [ n 2 + rt3x24'/i4x3 + ...J

n1, n2, ... are the distributions of M machines over these N steps. There are
several possible combinations here and the idle time increases or decreases
according to the combinations. When any step is being processed, the sum of
machines is always constant. «I + «2 + «3 +... = M
Consider now the second case, when at the first step,
n\ —M => «2 = «3 = nA... = 0

=> 7] =0
So during the first step, n1 =M and n2=n3=n4...=0
Similarly during the second step n2=M and n1 = n3=n4 =n5... =0
The total setup time is increased to
r, = M xrl + Af x fl + ...
=> 7’j = A / X rl X iV

The total time as sum of times of operation in all machines is:
= (rl X M + Z) X r2 -5-M ) x N

In addition, the total flow time is:
Tj,^={t\ + D xit2^M )yiN

The flow time for a product created in this manner is as shown next.
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Machine 1
Machine 2
Machine 3
Machine 4
Setup Time
Processing Time

Figure 3.5: Time Flow using the second model

Comparing flow time for the two cases, we can decide which one is better. In
first case it is:
=[(rl + r 2 ) x ( i V - l ) ] + [ / l + £ ) x r 2 ^ n J

7 ^ = [(rl + r2)x ( N - 1)]+ [rl + D x t 2 x M ^ M ]

Assuming that n„ = M / N in a case where the M machines are evenly
distributed amongst the N steps.
In the second case:
={tl + D x t 2 ^ M ) x M

Comparing the two we have the D x t 2 x N in both case which is the total
processing time. The
Usually the set-up times are lesser compared to the actual processing time.
t1 <<t2
A7xrl < ( i y - l ) x ( f l + r 2 ) + r l
<=> A/'xrl < A/'xrl + (A/’ —l)x f2

Hence, the flow time in the second case is lesser than that in the first case
and, the flow time is still optimized. After proving the hypothesis stated earlier, we
apply the real world constraints of machines being available at certain times only.
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The scheduling algorithm provides the methodology of applying the proven
hypothesis in practice.

3.2.3

The scheduling algorithm

The algorithm follows a fluid-flow type model. The different machines
represent different pipes with different diameters and the flow fills as much of the
pipes as can be.

Figure 3.6: Shows the scheduling problem as sim ilar to a flow problem

The dark areas have already been scheduled, and this data can be obtained
from the database. At any time T, if the flow in any two pipes, with areas A1 and
A2 need to be synchronous, then the length o f flow is the same. Here A1 and A2
are a measure of capacity of the machine as they determine how much flow they
allow through it.
If N1 and N2 were the number o f parts through there machines of capacities
C1 and C2 in terms of time per unit product, then Volume / Area or the Length is
the same fo r these machines working simultaneously.
N1 X C1 is the number of total time spent at this machine.
Hence N1 xC1 = N 2x C2
O r N1/N2 = C2/C1
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This is the case of infinite scheduling occurring at almost the end of the
algorithm for each step, when the idle time on any machine is more than
sufficient for the products remaining in the batch to be assigned to.
The products to be scheduled have already been prioritized according to the
‘Master Production Schedule’. This algorithm schedules these products in order
of priority. For each product, (from the routing sheet) the steps are to be
scheduled in order. A unique batch size is first decided based on the total
number of products, average tim e taken in any machine to finish the processing
etc.
B = batch size.
R = average time spent in this step.
N = Total Number of products to be created.
Z = number of machine which can simultaneously on this step
B is inversely proportional to R, because the more the time is spent on one
product’s step, the lesser should be the batch size. At the same time, dividing the
number of products to be made into a large number o f batches would increase
the set-up times largely; hence, B is directly proportional to N. also the number of
machines which will work on this step simultaneously affects the batch size. If
many machines are working simultaneously, the batch sizes can be made
smaller.
B = kxN /(A xZ )
Where k is the proportionality constant and can be supplied from the statistics
or the use o f a B-Spleen curve.
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From infinite loading, it knows the equipment that can work on this step o f the
process.

The

data

from

infinite

scheduling

is

store

in

the

table

tMPSProcessPlanSchedule.

Table 3.3: The ‘MPSProcessPlanSchedule* table structure
Column Name

Data Type

Length

Processed
StepNum
IDValue
IDType
Quantity
UnitTime
PositionSize
ReadyForSchedule

Char
Int
Char
Char
Bigint
Float
Char
Int

18
4
16
1
8
8
23
4

If there are two or more machines available simultaneously, processing is
done on all of them simultaneously until the batch size is completely assigned. If
there are machines of different capacities being used in the same step, the
distribution occurs in the ratio of their capacities (In terms of unit time per unit of
this product). This ensures that the bottlenecks do not appear and there is a
minimum of work in progress. After the first step, the average time for second
step is compared with the first. If it is greater, the step can be scheduled any time
after the first product from step one is finished. If it is lesser, then there needs to
be as many products in step two to be finished after step one completely finishes,
as there are machines working on step one. This is done calculating time in the
reverse way.
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If any step starts at time X and has an average time of a1, the products at this
machine are produced at intervals:
X + a 1 ,X + 2 (a 1 ).X + 3 ( a 1 ) ...
If the next step has an average time b1, and starts at time Y, the products at
this machine are produced at intervals
X+Y+b1. X+Y+ 2 (b1 ),

X+Y+ 3 ( b 1 ) ...

X is the first steps starting point, which has already been determined; a
minimum possible value of Y has to be calculated. Independent of the values of
a1, b1, and the value of Y has to be greater than or equal to a1, otherwise there
will not be any product of step 1 available fo r step 2.
Case1 :
If a1 < b1 then
For Y = a1
X +n ( a 1 ) < X + Y + n (b1)
Where n is the number o f parts produced.
Case 2:
If a1 > b1 then
There has to be at least as many number of parts in step 2 as there are
number of machines (Z) working on step 1, to be scheduled after the completion
o f step 1.
X+ Y + n (b1 ) >= X + n (a1 ) +Z
Y >= n (a1) + Z - n (b1)
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If Y amount of time as calculated above is not allowed after the schedule of
step1 starts, there will be a time when the number of parts of step1 will fail to
provide for step2, resulting again in idle time for machines of step 2.
The remaining steps follow the same criteria. They are also scheduled by
comparing them with the previous step's schedule. This ensures that the
machines are not idle until the entire step is finished and that at any time, there
are products of previous step available for the next step. This goes on for all the
products in the MRS.

3.2.4 Converting algorithm to reality
In this test bed, we have used both the approaches of infinite scheduling and
finite scheduling in two consecutive steps. The first step of infinite scheduling is
termed as loading. Here we use a routing sheet like toolbar as shown below and
create a product flow layout of machine from a workshop. We can, if necessary
add machines from other workshops too. In this toolbar, we select the product for
which we want the routing sheet, and the steps of production, which have already
been stored in the database, can be viewed.
Now we use the resource toolbar, which has a list of all the resources,
equipment, employees, tools, and raw materials, and assign them to these
processes. The assignment is just a simple drag and drop operation. The
resource toolbar showing the resources is as shown in Fig 3.8.
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Figure 3.7: This figure shows the toolbar for Process Steps
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Figure 3.8: This figure shows some of the views of the Resource Toolbar.

A product flow layout with resources assigned to it is as shown next.
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Figure 3.9 shows the product flow layout
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We also need to specify in this step, the average amount of time it takes to
machine a product in each of the steps. This is made easier by using the
statistics, from previous experiences of creating this product.

Table 3.4: The tMPSProcessEcuioment table
Column Name

Data Type

Length

EquipmentID

Char

16

Processed

Char

18

StepNum

Int

4

Planned_startTime

Datetime

8

Planned_endTime

Datetime

8

Real_startTime

Datetime

8

Real_endTime

Datetime

8

Finished

Char

1

This Information is from the table tMPSProcessEquipment, where the detailed
schedule is finally stored. If we double-click on the equipment inside each
process, we get a window showing these statistics, the previously entered time
etc as shown in the next page.
Here is the advantage of dividing the layout into product-based workshops.
For each product, there are only a few possible equipments, and this reduces the
number of possible combinations of schedules largely. However even now, the
numbers of possibilities for each product with say 5 steps each having say 2
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machines which can work on it is around 2® or 32. This is for each product. For a
small-scaled company with even 10 products makes this number 32^° or 10^.
This is a big number; however, it has reduced considerably from the previous
estimate of around 10“ .
Because of this large number of possibilities, scheduling is usually done with
a few prioritized goals in mind. There have been many scheduling algorithms
published in the past. The test bed isolates the algorithm from the remaining
program into an activeX component. This makes it easier to insert a new
algorithm. The current algorithm’s main goal is the complete utilization of
resources. The bottlenecked places in the factory are discovered, and it is made
sure they are utilized at 100% of available capacity.
The algorithm has been implemented using Visual Basic as a programming
tool and SQL server as a database back-end. There are five tables being created
in the program to store data. The first one stores the process and their steps,
batch sizes etc in the order o f priority. The data is obtained from the database.
The second table calculates and stores the starting and end periods, of idle
time and the duration on all the machines based on their schedules from the
database. This table is constantly reconfigured as newer schedules are created.
Since the number of transaction will be very high, the data is stored in these
tables and not in the database. The next table pulls out from this table, only those
equipment's records that can be used fo r this particular step of a product. The
starting and end times of idle time are sorted into the next table. This table acts
as a checkpoint to see when the batch size has been completely assigned.
The process goes through this table in a step-by-step manner.
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Table3.7: The table tM PS Process
Column Name

Data Type

Length

Processed

Char

18

MPSID

Char

12

Parti D

Char

8

StepNum

Int

4

Quantity

Bigint

8

EquipmentType

Char

4

StepDescription

Text

16

StepDrawing

Varchar

256

StepDrawingWeb

Varchar

256

StepDrawingPic

Image

16

PlannerlD

Char

12

plannedJeadTime

Int

4

planned_setupTime

Int

4

planned_cycleTime

Int

4

real_leadTime

Int

4

real_setupTime

Int

4

real_cycleTime

Int

4

Finished

Char

1
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Whenever it encounters a start time, it knows a machine is idle and assigns a
part of the batch to it If it encounters an end time, it stops assigning to this
machine and makes a not of this to the final table. If the batch size ends before
the next checkpoint, at the next checkpoint we have a situation o f infinite
scheduling again, wherein we have one or more machines of virtually infinite
capacity with regard to the remaining in the batch. The assignment occurs in the
inverse ratio of the capacities of these machines to try to utilize the resource for
the same amount of time.
N1 /N2 = C2 /C 1
The program then recalculates the free time o f all the machines and goes to
the next step of this product. After all the steps o f this product, the next prioritized
product is chosen.
The scheduling algorithm can be initiated by clicking a button on the screen.
The schedule for any machine, on any day planned can be viewed as shown in
the next page.
The scheduling done till now includes infinite and finite scheduling and is a
part of the top down planning. The software also provides for bottom up re
planning to be done manually by the planner. The existing schedule created by
the system can again be edited by the user.

3.3 Work in progress (WIP)
This module calculates the number o f parts being produced currently, and
keeps track o f their stage o f production. In the case o f the Apron Hook, there are
five steps for manufacturing it according to its routing sheet. Of 750 Apron Hooks
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to be made, at any chosen time, we need to know how many of these have
finished step 1, how many are in step 2 and so on. This gives an idea of what
processes are going on currently and how long it is going to take to finish them.
The input data for this module is obtained from the saved schedules of the
equipment involved. For example to calculate the WIP at a particular time T, we
find the schedules or the equipment until time T for each part. This is done for
steps 1, 2. .. The number of parts at step1 equals difference of the number of
parts scheduled until time T for step1 and the number of parts scheduled for
step2 until time T. This can be done for all the steps except the final step after
which the part's production is complete. For the final step, we just find the
number scheduled until time T.
The interface is as shown below. We first select the time at which we require
the work in progress. Then the system calculates the number of parts in the
different steps and their total and displays it in a grid as seen next.
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Figure 3.10. This figure shows the work In Progress for the parts currently being
manufactured.
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CHAPTER 4

IMPLEMENTATION & OTHER CURRENT TECHNOLOGIES
4.1 Introduction
The development cycle of any system does not end until it has been used in
real time. Many companies, which want to use an MRP ii system or a shop floor
control system, fail in their objective to do so. In this chapter, we will cover the
reasons for MRP ii implementations to fail. The first section looks at some of the
currently available software. Then we see how their system is different from ours.
Then we will discuss the implementation procedures for our system.

4.2

Current shop floor control systems available

Predator Desktop was designed to automate the shop floor. Desktop's power
lies in its functionality to automate manual or tedious processes, which saves
time and increases effectiveness. Desktop's user interface can be customized
and extended to match specific user requirements. Some of the more common
uses of Desktop include machine monitoring, data collection, viewing CAD files,
viewing setup sheets, browsing corporate intranets, and organizing CNC
programs, managing shop floor files, collecting data for your ERP or MRPII
system, DNC communications, and more.
VISUAL Manufacturing provides complete control of your production
process, from the time a work order is added to the system, to the time the order
57
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is complete; you can monitor productivity and evaluate all production costs.
VISUAL Manufacturing is an interactive tool for planning and controlling shop
floor activity, it uses information on work centers, routings, and work center loads
to help you plan and schedule. It also tracks order status and costs on a per-job
basis, including material, labor, and overhead and outside processing.
The powerful Electronic Schedule Board is the center of the Prestige
Scheduler. At a glance, you see the all the jobs currently in production. Search
for jobs by number or highlight jobs by Customer, Product, Category, or Sales
person. With a click, it takes the current schedule to the design board where you
can drag and drop job steps on any row to change the work center or job priority
(sequence on the board). One click sends any changes from the design board to
everyone's active schedule board.
AccuFACTS9000™ is a client server application running on NetWare 3.12
through 4.x and Microsoft NT Server 4.0. It uses the Btrieve' database engine
supplied with Netware and available for NT to provide Mission Critical database
securitv and intearitv. AccuFACTS9000 utilizes bar code labels and readers to
speed up data input by your operators. All bar codes generated by
AccuFACTS9000 can be generated using a common laser printer. Data input is
bar coded into AccuFACTS9000 by operators working out on the factory floor.
This allows for reliable as well as rapid data entry. Bar coded data has an
extremely low error rate of less than one in a million. If an error does occur, there
are multiple levels of error checking built into AccuFACTS9000, which will locate
the error and report it to the operator.
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REALTRAC features:
•

Shop floor control provides up-to-the-second visibility of machines,

employees and jobs.
•

Scheduling and Estimating allows you to do graphic analysis of "what i f

simulations, changing priority assignments and loading schedules.
•

Multimedia Shop Floor Documentation

•

Bar Code Data Collection

Best Enterprise Suite: Best's Shop Floor Control system provides real-time
labor and production reporting for on-line production visibility throughout the
enterprise. The shop floor menu was designed for use with touch screen
technology and handheld Windows CE devices. Shop Floor Control provides
access to all of the activities that generally take place in the shop. Users can log
into or out of operations manually or they can use the built-in bar coding
functionality to scan work order numbers and work order steps for automatic log
ins. The log-in and log-out activities include easy-to-use look-ups and number
pads for data entry. They also include multimedia buttons that link directly to any
multimedia or CAD attachments for the work order. A current activity report and
inquiry are provided to show which employees are currently logged into a job at
any manufacturing facility providing enterprise wide visibility. The Shop Floor
Control menu is easily customized to include virtually any activity, maintenance
function, report, or inquiry you need to run your shop floor.
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4.2.1

Advantages and disadvantages of current systems

All the systems described above are very good MRP ii systems. The shop
floor system in each of them takes special ways of collecting and analyzing data.
The Barcode technology used is different from others only in the sense o f the
external interface and hardware. There is still the same database, which keeps
track of all the material handling and jobs. The amount of detail put in each of
these systems; make them very good commercial software.
However, they all have character-based interface, much like a DOS/ UNIX
system. They are good MRP ii software, but they do not help in making the
company lean. The main objective of these systems is to keep track o f all the
information and they do it well. However, they do not attempt to change the
system as such. They have no ideas that follow the Just-In-Time philosophy. All
these software help in creating schedules by giving the up to date information,
but they do not incorporate any complex scheduling algorithm, which would give
at least a basic schedule to work with. In case of a sudden event, the system tells
you that a machine is broken down or there is shortage of material, but after that,
you are on your own in creating the whole schedule again by back tracing what
all operations would be affected by this event.

4.2.2 Why MRP installations fail
Because o f the complex nature of MRP ii systems, sufficient training is
required to suit the system according to the manufacturing environment. The
initial expense is very high. This would include software and hardware expenses,
training expenses etc. However, the returns are not realized any time soon. The
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implementation of MRP packages is often combined with the restmcturing of the
business process.

4.3

Implementing our shop floor control system

Our Shop Floor Control System has been created using Microsoft Visual
Basic 6.0 and SQL Server 8.0. We compile an .exe' file, which can be run on a
system with Microsoft Windows NT 4.0 or higher. The software can be loaded on
such a system and connected to the SQL server, if required on another system.
The system administration module can be run to provide information about the
different equipment available at the factory. This is a one-time configuration.
Our system promotes the JIT thinking of using product-based layouts,
creating product families using group technology etc. The use of virtual
workshops allows you to do so. At the same time, the actual physical layout need
not be changed. The routing sheets for the different products can be converted
into simple terms of process detail, equipment used and time spent on this
process. This can then be further used fo r infinite and finite scheduling.
Any unexpected event like an equipment breakdown can be marked and
rescheduling can be done by just a press of a button. It automatically
reschedules all the processes, which depend on the broken machine and other
processes depending on it too.
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4.3.1

Working of the system

In this section, the working o f the software system for the Dolphin Machines
Inc problem is presented. The flow of information as it reaches the SFC module
is as below.

Orders

MPS

BOM

SFC

BOO

Figure 4.1 This figure shows the flow of information to SFC

First, a productID for the product Apron Hook’ is generated from the table
tProduct. An order of 750 products is assumed. An ordered is thus generated
from the tOrder table. The entries in tOrder table are read into a Master
Production Schedule. An MPSID is generated from the table tMPS. Since the
Apron Hook' does not involve an assembly process, the Bill of Materials has only
one entry for it. The part Apron Hook’ is input into the table tParts, and a partiD
is generated. In the table tMPSProcess, the steps in the routing sheet of Apron
Hook’ are translated into step descriptions, possible equipment types which can
work on it etc. The current configuration of Apron Hook Project is as follows:
productID 10010011

orderlD 200208000008

MPSID 200208080001

partID 10000002

The routing sheet is translated to the form below:
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Table 4.1: BOO for Apron Hook
Machine Type

Description

Step
No:

Processing
Time (min)

1

Rough machine per roughing program

CNC Mill

20

2

Cut coupons 1/2

CNC Mill

10

3

Finish Machine complete per B/P and

CNC Mill

15

program.

X

1/2

Complete

X

4

"first

part

off

production" forms fo r each program
4

Deburr in accordance with P707

Deburring Me

10

5

Abrasive blast in accordance with P700

Grinder

20

The Dolphin Machines Inc has 16 CNC mills, 1 Speed Deburring machine
and 4 Grinders. These machines can be assigned to the above tasks in any
combination. For each such combination, a process layout needs to be
developed as seen in chapter 3. In these process layouts, the time taken by each
machine needs to be input. One such developed layout of a combination is as
shown next:
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Figure 4.2 This figure shows the developing of a process layout.
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The different combinations of machines for which the schedule was
developed are as follows:

Table 4.2: Combinations of machines tested
Combination 1
Step
No Of
Number
Machines
1
2
3
4
5

3
3
3
1
2

Combination 2
Step
No Of
Number
Machines
1
2
3
4
5

4
4
3
1
2

Combination 3
Step
No Of
Number
Machines
1
2
3
4
5

5
5
3
1
2

Combination 4
Step
No Of
Number
Machines
1
2
3
4
5

6
6
3
1
2

Combination 5
Step
No Of
Number
Machines
1
2
3
4
5

6
6
4
1
2

Combination 6
Step
No Of
Number
Machines
1
2
3
4
5

9
9
9
1
2

The schedules developed by using these six combinations can be found in
the appendix section. A summary o f the schedules generated for each of these
combinations is as shown next.
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Table 4.3 Summary o f Schedules for the combinations tested

Step No

Combination 1
Start Time
Machines

1
2
3
4
5

9/2/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/13/2002 8:00:00 AM

Step No

Start Time

1
2
3
4
5

9/4/2002 8:00:00 AM
9/10/2002 4:20:00 PM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/14/2002 8:00:00 AM

Step No
1
2
3
4
5

Step No

3
3
3
1
2

Combination 2
Machines
4
4
3
1
2

Combination 3
Start Time
Machines
9/4/2002 8:00:00 AM
9/9/2002 1:00:00 PM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/13/2002 8:00:00 AM

5
5
3
1
2

Combination 4
Start Time
Machines

1
2
3
4
5

9/4/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/12/2002 8:00:00 AM

Step No

Start Time

1
2

9/4/2002 8:00:00 AM
9/8/2002 1:40:00 PM

6
6
3
1
2

Combination 5
Machines
6
6

End Time
9/11/2002 10:20:00 AM
9/13/2002 1:40:00 PM
9/16/2002 4:30:00 PM
9/24/2002 4:00:00 PM
9/26/2002 4:00:00 PM

End Time
9/10/2002 4:40:00
9/13/2002 4:30:00
9/17/2002 4:30:00
9/25/2002 4:00:00
9/27/2002 4:00:00

PM
PM
PM
PM
PM

End Time
9/9/2002 1:00:00 PM
9/12/2002 10:00:00 AM
9/16/2002 4:30:00 PM
9/24/2002 4:00:00 PM
9/26/2002 4:00:00 PM

End Time
9/8/2002 1:40:00 PM
9/10/2002 4:30:00 PM
9/15/2002 4:30:00 PM
9/23/2002 4:00:00 PM
9/25/2002 4:00:00 PM

End Time
9/8/2002 1:40:00 PM
9/10/2002 4:30:00 PM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

67
3
4
5

9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/12/2002 8:00:00 AM

Step No

Start Time

1
2
3
4
5

9/9/2002
9/12/2002
9/13/2002
9/14/2002
9/16/2002

4
1
2

Combination 6
Machines

8:00:00
8:40:00
1:40:00
8:00:00
8:00:00

AM
AM
PM
AM
AM

9
9
9
1
2

9/14/2002 4:30:00 PM
9/23/2002 4:00:00 PM
9/25/2002 4:00:00 PM

End Time
9/12/2002 8:40:00
9/13/2002 1:40:00
9/15/2002 4:30:00
9/27/2002 4:00:00
9/29/2002 4:00:00

AM
PM
PM
PM
PM

In each of the above combinations, the schedule is generated by the
software. We can confirm that in all of the six cases, there are no two steps such
that:
1. The previous step starts after or at the same time as the next step.
2. The latter step ends before the previous step ends.
3. The latter step starts only after the previous step ends.
The third feature above can be overlooked in the case when the same
equipment is being used for both the steps.
For example, consider steps 2 and 3 of combination 5. Step 2 starts 9/8/2002
1:40:00 PM and ends 9/10/2002 4:30:00 PM whereas step 3 starts 9/9/2002
8:00:00 AM, which is after step 2 starts but not after step 2 ends. Step 3 ends
9/14/2002 4:30:00 PM, which is as expected after step 2 ends.
For each of these six combinations, the work in progress, inventory level and
the number of finished products is found at one-hour intervals throughout their
production time of around 250 hours. A t each point, the total work in progress
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has been calculated and plotted. The point at which the plot touches the X-axis
indicates the end of the production. The plot for the first combination is given
below. The remaining can be seen in the appendix at the back. The total
processing time is thus 224 hours.

WIP, INVENTORY & FINISHED PARTS

2
g

400
300

O

200

-WIP
•inventory
Finished

TIME (Hours)

Figure 4.3: WIP, inventory and number of finished parts for combination 1.

The processing times for the six combinations are shown below.

Combination
1
2
3
4
5
6

Processing Time (Hours)
224
215
206
197
197
188
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We can see from the above table that there is a decrement in the processing
time when more machines are being employed. This decrement is reduced as
more machines are added and is not seen when machines used in previous
steps are added. These machines are not free to be scheduled until the previous
steps are complete. However, a reduction of processing time from 224 hours to
188 hours is quite significant. This implies that orders can be processed 4 days
earlier than they were before in case o f the Apron Hook’s order.
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CHAPTER 5

CONCLUSIONS
The shop floor control is an important and complex task in modern
manufacturing. This thesis concentrates on creating a lean manufacturing system
by integrating

philosophies of Just-In-Time thinking with the information

connectivity of MRP systems. This hybrid model has advanced scheduling
algorithm, which optimizes the lead-time of a product. The interface removes the
complex nature of other MRP software and has a user friendly drag and drop
functionality. The entire program has been created in an object oriented
programming style and thus can be easily integrated with CAPP packages etc to
make a complete computer integrated manufacturing system.

5.1 Advantages of using this system
1.

Built on JIT philosophy

2.

All information about any machine can be accessed from the layout.

3.

The program runs on Microsoft Windows and hence, is very user friendly.

4.

The scheduling task is automated, unlike other MRP packages.

5.

The scheduling algorithm optimizes the flow-time for any product with real
time constrains from a shop floor. It produces the schedule for a few
weeks after a few minutes of processing.

70
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5.2 Recommendations
1. The SFC module is currently dependent on the other modules like BOM
etc. these modules need to be integrated into SFC.
2. The development of the whole system must be done using operating
system independent languages like Java. That would make the system hardware
independent.
3. A CAPP package should also be integrated to automate the process of
infinite scheduling, making the system much more computer controlled.
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APPENDIX

Schedules generated by the software fo r all six combinations.
Combination 1
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
3
3

9/2/2002 8:00:00 AM
9/3/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/2/2002 8:00:00 AM
9/3/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/2/2002 8:00:00 AM
9/3/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM

9/2/2002 5:00:00 PM
9/3/2002 5:00:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 10:20:00 AM
9/2/2002 5:00:00 PM
9/3/2002 5:00:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 10:20:00 AM
9/2/2002 5:00:00 PM
9/3/2002 5:00:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 10:20:00 AM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
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0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 /VM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM

9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/20024:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
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0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4

9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM

9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 4:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 4:00:00 PM

Combination 2
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 /W

9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:40:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:20:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
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0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001

1
1
1
1
2
2
2
2
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5

9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/10/2002 4:40:00 PM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/10/2002 4:20:00 PM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 /VM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 /\M
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/14/2002 8:00:00 /\M

9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:40:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:20:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 4:30:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 4:30:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 4:30:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 4:30:00 PM
9/14/2002 5:00:00 PM
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0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4

9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/27/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/27/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 /\M
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM

9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 5:00:00 PM
9/27/2002 4:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 5:00:00 PM
9/27/2002 4:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/20024:00:00 PM

Combination 3
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001

1
1

9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM

9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
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0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007

1
1
1
1
1
1
1
1
1
1
2
2
2
2
1
1
1
1
1
1
2
2
2
2
1
1
1
1
1
1
2
2
2
2
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3

9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/9/2002 1:00:00 PM
9/10/20028:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/9/2002 1:00:00 PM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/9/2002 1:00:00 PM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/9/2002 1:00:00 PM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 /\M
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/10/2002 8:00:00 AM

9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 1:00:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 1:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 10:00:00 AM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 1:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 10:00:00 AM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 1:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 10:00:00 AM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 5:00:00 PM
9/9/2002 1:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 10:00:00 AM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 10:00:00 AM
9/10/2002 5:00:00 PM
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0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4

9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00/\M
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/11/2002 8:00:00 AM

9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 4:30:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 4:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 4:00:00 PM
9/11/2002 5:00:00 PM
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0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

4
4
4
4
4
4
4
4
4
4
4
4
4

9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM

9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 4:00:00 PM

Combination 4
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004

1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2

9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM

9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
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0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001

2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
5
5
5
5
5
5
5
5

9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 MA
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM

9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
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0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4

9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM

9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 4:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 4:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 4:00:00 PM

Combination 5
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002

1
1
1
1
1
2
2
2
1
1
1

9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM

9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
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0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008

1
1
2
2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
1
1
1
1
1
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/4/2002 8:00:00 AM
9/5/2002 8:00:00 AM
9/6/2002 8:00:00 AM
9/7/2002 8:00:00 AM
9/8/2002 8:00:00 AM
9/8/2002 1:40:00 PM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/10/2002 4:30:00 PM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 /W1
9/14/2002 8:00:00 AM
9/9/2002 8:00:00 AM

9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/4/2002 5:00:00 PM
9/5/2002 5:00:00 PM
9/6/2002 5:00:00 PM
9/7/2002 5:00:00 PM
9/8/2002 1:40:00 PM
9/8/2002 5:00:00 PM
9/9/2002 5:00:00 PM
9/10/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 4:30:00 PM
9/9/2002 5:00:00 PM
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0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

3
3
3
3
3
3
3
3
3
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4

9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/13/2002 8:00:00 /kM
9/14/2002 8:00:00 /kM
9/15/2002 8:00:00 /\M
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM

9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 4:30:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 4:30:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 4:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 4:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 5:00:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
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0104000130060001
0104000130060001
0104000130060001

4
4
4

9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM

9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 4:00:00 PM

Combination 6
Equipment ID

Step
No

Planned Start Time

Planned End Time

0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020001
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020002
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020003
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020004
0104000110020005
0104000110020005
0104000110020005
0104000110020005

1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1

9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/20028:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM

9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 9:00:00 AM
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0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020005
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020006
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020007
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020008
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000110020009
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001

2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
1
1
1
1
2
2
3
3
3
5
5
5
5
5
5
5
5

9/12/2002 9:00:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 9:00:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 8:40:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/9/2002 8:00:00 AM
9/10/2002 8:00:00 AM
9/11/2002 8:00:00 AM
9/12/2002 8:00:00 AM
9/12/2002 9:00:00 AM
9/13/2002 8:00:00 AM
9/13/2002 1:40:00 PM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 /\M
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 /\M
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 /\M

9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:45:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 9:00:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:45:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 8:40:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:30:00 PM
9/9/2002 5:00:00 PM
9/10/2002 5:00:00 PM
9/11/2002 5:00:00 PM
9/12/2002 9:00:00 AM
9/12/2002 5:00:00 PM
9/13/2002 1:40:00 PM
9/13/2002 5:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 4:45:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
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0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030001
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130030002
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001
0104000130060001

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4

9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/27/2002 8:00:00 AM
9/28/2002 8:00:00 AM
9/29/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM
9/21/2002 8:00:00 AM
9/22/2002 8:00:00 AM
9/23/2002 8:00:00 AM
9/24/2002 8:00:00 AM
9/25/2002 8:00:00 AM
9/26/2002 8:00:00 AM
9/27/2002 8:00:00 AM
9/28/2002 8:00:00 AM
9/29/2002 8:00:00 AM
9/14/2002 8:00:00 AM
9/15/2002 8:00:00 AM
9/16/2002 8:00:00 AM
9/17/2002 8:00:00 AM
9/18/2002 8:00:00 AM
9/19/2002 8:00:00 AM
9/20/2002 8:00:00 AM

9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 5:00:00 PM
9/27/2002 5:00:00 PM
9/28/2002 5:00:00 PM
9/29/2002 4:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
9/21/2002 5:00:00 PM
9/22/2002 5:00:00 PM
9/23/2002 5:00:00 PM
9/24/2002 5:00:00 PM
9/25/2002 5:00:00 PM
9/26/2002 5:00:00 PM
9/27/2002 5:00:00 PM
9/28/2002 5:00:00 PM
9/29/2002 4:00:00 PM
9/14/2002 5:00:00 PM
9/15/2002 5:00:00 PM
9/16/2002 5:00:00 PM
9/17/2002 5:00:00 PM
9/18/2002 5:00:00 PM
9/19/2002 5:00:00 PM
9/20/2002 5:00:00 PM
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W ork In Progress, Inventory and the number of finished parts calculated
every hour throughout the production time for all six combinations

Combination 1: Processing Time 224 Hours

WIP, INVENTORY & FINISHED PARTS

^
2
g
O

500
400
300
200

-WIP
•Inventory
Finished

TIME (Hours)

Combination 2: Processing Time 215 Hours
WIP, INVENTORY & FINISHED PARTS

WIP
•INVENTORY
FINISHED

TIME (Hours)
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Combination 3: Processing Time 206 Hours

WIP, INVENTORY & FINISHED PARTS

?
g
O

400
300
200

^

100

-WIP
•INVENTORY
FINISHED

TIME (Hours)

Combination 4: Processing Time 197 Hours

WIP. INVENTORY & FINISHED PARTS

5

-WIP
•INVENTORY
FINISHED

400

o 200

TIME (Hours)
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Combination 5: Processing Time 197 Hours

WIP, INVENTORY & FINISHED PARTS

I

-WIP
■INVENTORY
FINISHED

i
TIME (Hours)

Combination 6: Processing Time 188 Hours

WIP, INVENTORY & FINISHED PARTS

^ 500
2 400
g 300
O 200

-WIP
■INVENTORY
FINISHED

TIME (Hours)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REFERENCES

[1] Mikell P.Groover, “Fundamentals of Modem Manufacturing”, 1996, Prentice
Hall Inc
[2] Paul G Ranky, “Computer Integrated manufacturing", 1986, Prentice Hall
International, UK Ltd.
[3] George Chryssolouris, “Manufacturing Systems; Theory and Practice”, 1992,
Springer-Verlag New York, Inc.
[4] Bauer, Bowden, Browne, Duggan, Lyons “Shop Floor Control Systems”, 1991,
Chapman & Hall.
[5] C.C.Gallagherr and W.A.Knight, “Group Technology Production Methods in
Manufacturing”, 1986, Ellis Honwood Limited
[6] Paul Higgins, Patrick Le Roy, Liam Tierney “Manufacturing Planning and
Control; Beyond MRP ii”
[7] R.K.Jain, “Production Technology”, 1998, KHANNA PUBLISHERS, (India)
[8] Evangelos Petroutsos, “Mastering Visual Basic 6", 1998 SYBEX Inc.
[9] www.sbainc.com, AccuFACTS9000
[10] www.realtrac.com, REALTRAC
[11] http://www.2020software.com. Best Enterprise Suite
[12] http://www.predator-software.com/. Predator Desktop™
[13] Yuejin Zhou “Computer-integrated manufacturing in China; A report of
industrial field surveys”
90

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

91
[14] Alberto PetronI, “Critical factors of MRP implementation in small and
medium-sized firms"
[15] Jeremy Brant, “Collection and Analysis o f Shop Floor Data Using a
Spreadsheet”
[16] Charles Babbage, On the Economy of Machinery in Manufacturers and
Machinery (1832)
[17] www.advancedmanufacturing.com
[18] http://www.spartacus.schoolnet.co.uk/USAmass.htm
[19] http://www.essaybank.co.uk/free_coursework/892.html
[20] http://www.cre8tivetraining.com/lean/lean-vs-mass.htm
[21] http://www.mail-archive.eom/cappolist@listserv.abag.ca.gov/msg02914.html
[22] http://www.cybor.co.nz/news/matplan.html

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

VITA

Graduate College
University of Nevada, Las Vegas
Venkatraman Parameswaran

Local Address:
787 East Harmon Ave #8
Las Vegas, NV 89119
Home Address:
Plot No 136, Maruti Nagar
ECIL PO
Hyderabad, AP 500062,
India
Degrees:
Bachelor of Engineering, Mechanical engineering, 2000
Osmania University, Hyderabad, India
Thesis Title:
Development of Shop Floor Control System
Thesis Examination Committee:
Committee Chair, Dr. John Wang
Committee Member, Dr. Mohamed Trabia
Committee Member, Dr. William Culbreth
Graduate Faculty Representative, Dr. Laxmi P. Gewali

92

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

